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Introduction 
A PET scanner (SET-2400W, Shimadzu Co., Kyoto Japan)1) has been used at 
CYRIC, Tohoku University over 10 years.  Although the scanner has been maintained 
periodically, its sensitivity has been successively degraded year by year.  Since a detector 
system of the scanner was overhauled in August 2004, the scanner sensitivity has been 
well-recovered.  Since a PET system is required durability of performance in aspects of a 
reliable examination and a cost, it is important to detect an aging of the system and to 
perform a proper maintenance.  Although there are many previous reports on performance 
evaluation of a PET system, the reports on aging and effectiveness of maintenance of a PET 
system is hardly available.  In the present report, results of our evaluation on aging of our 
PET system are presented and discussed. 
 
Material and methods 
Specifications and a diagram of SET-2400W detector system are shown in Figure 1.  
SET-2400W scanner has 448 detector blocks that consist of 6 x 8 BGO crystal arrays with 4 
photo-multiplier tubes (PMTs).  Positions of gamma ray incident crystals in a crystal array 
and incident photon energy are determined by four PMTs outputs, a linear correction table 
and an energy correction table.  Therefore stability of gain and balance of PMTs are 
important for the determination of position and energy.  Degradation of PMTs gain and 
balance causes deterioration of sensitivity and resolution of a PET system.  It was likely 
that the sensitivity and resolution will deteriorate according to an aging of the detector 
system, then sensitivities and resolutions were examined at different time points for 
assessment of the aging. 
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Sensitivities in 2D mode scan were obtained from the system calibration data that 
were measured periodically from 1998 to 2004.  The calibration data were measured by 
using a 25-cm-long cylindrical phantom with 20-cm-long diameter which was filled with 7 
to 32 MBq solution.  The sensitivity was defined as a total slice count rate at 1 
MBq/phantom.  The relative slice sensitivity (at slice 3-61) was also defined as a count 
rate of each slice at 1 MBq/phantom.  The relative slice sensitivity was measured in 1995 
and before/after overhaul in 2004.  Initial sensitivity was defined by the sensitivity that 
was measured in accordance with a previous publication from National Electrical 
Manufacturers Association (NEMA) in 1994 (NEMA NU2-1994 standatd: in short, N-94 
standard)2).  Sensitivities according to the N-94 standard were also measured at just before 
and after the overhaul for verifying equivalence between the sensitivity value by calibration 
measurement and by N-94 measurement. 
Transaxial resolution was measured at 0, 5, 10, 15 and 20 cm from FOV center 
using a line source.  The measurement was carried out in 1995, 2002 and after the 
overhaul in 2004.  A stainless steel tube filled with 18F solution was used for the line 
source.  Differences of maintenance items between an overhaul and a regular maintenance 
of SET-2400W are summarized in Table 1.   
 
Results 
Figure 2 shows variation of sensitivity of the scanner with years.  The values with 
N-94 standard sensitivity measurement were plotted by open circle.  Sensitivity values 
measured by N-94 are same as the value obtained by calibration at before and after the 
overhaul.  The compatibility of measurement between the calibration and the N-94 
measurement was confirmed by this agreement.  Sensitivity had degreased year by year 
before the overhaul in spite of a performing of regular maintenance.  Sensitivity measured 
in 1994 was 842 cps/MBq/phantom and sensitivities measured before and after the overhaul 
in 2004 were 458 and 785 cps/MBq/phantom, respectively.  The sensitivity became 
approximately a half of the initial value within 10 years, but that was well-recovered by the 
overhaul. 
Figure 3 shows the relative slice sensitivity in 2D scan mode.  Variances of the 
slice sensitivities (slice 3-61) in 1995 and before and after the overhaul in 2004 were 0.11, 
0.16 and 0.08, respectively.  The variance before the overhaul was much larger than the 
other values, and peaks and valleys were visible only in the variance curve before overhaul 
in 2004.  Figure 4 shows the resolution in 1995, 2002, and after the overhaul in 2004.  
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The resolutions before the overhaul were not visually distinguished from those measured in 
1994 and after the overhaul in 2004. 
 
Discussion and conclusion 
It turned out that the sensitivity of the scanner considerably degraded with aging.  
It was thought that this degradation was mainly a result of decrease in a PMT gain.  The 
PMT gain was not only tuned in the overhaul but also in regular maintenance.  Since the 
sensitivity was decreased constantly before the overhaul and was recovered after the 
overhaul, it was thought that the regular maintenance failed to manage the degradation of 
all detectors.   
The slice sensitivity variance was increased with aging and was recovered by the 
overhaul.  If four PMT gains are not balanced, an incident crystal position shift to a edge 
of crystal block in a result of error with linear correction table.  Since the valleys in the 
slice sensitivity curve match with borders of detectors, it was thought that an error of 
positioning happened by unbalance of PMT gains.  However, an effect of the error was not 
observed in the result of resolution measurements.  Positions of crystal which concerned 
with the line source position varies in a detector block, while an image slice keeps a fixed 
relationship with a crystal in a detector.  Therefore, we assumed that the resolution is not 
affected by the positioning error.   
The scanner sensitivity and the uniformity of slice sensitivity were considerably 
deteriorated by the degradation of PMTs gain and balance with aging.  These 
deteriorations were well recovered by the overhaul.  An appropriate overhaul is important 
to keep a scanner performance.  But it is desired that a regular maintenance cloud care for 
these deteriorations.   
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Table 1.  Objective detector and tuning items at overhaul and a regular maintenance of SET-2400W. 
 
 Regular maintenance Overhaul 
Objective detector Out of conditions All 
Tuning       
 items 
PMT gain 
PMT balance 
Timing 
PMT gain 
PMT balance 
Timing 
Linear correction table 
Energy correction table 
  
 
 
 
crystal material BGO
crystals/detector 48（ 6x8)
PMT/detector 4
Total number of detectors 448
Energy
table
Energy
threshold
Distribution pattern
of
incident position
Detector block
X A/D
A+B
A+C
Y A/D Lineartable
A+B+C+D
A
C D
B
PMTs
 
 
Figure 1.  Specification and diagram of SET-2400W detector system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2  Variation of sensitivity of the scanner with years. 
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Figure 3.  Variation of relative slice sensitivity in 2D scan mode. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     Figure 4.  Variation of sensitivity of the scanner with years. 
 
 
?
?
?
?
?
??
? ? ?? ?? ?? ??
Distance from FOV center (cm)
FW
HM
 (m
m
)
?????????????????
?????????????????
?????????????????
?????????????????
?????????????????
?????????????????
0.0
0.5
1.0
1.5
2.0
0 8 16 24 32 40 48 56 64
Slice number
Re
la
tiv
e 
sl
ic
e 
se
ns
iti
vi
ty
1995
2004 before OH
2004 aftre OH
